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We have studied the electric transport properties of symmetrical [001] tilt Nd1.85Ce0.15CuO4−y
(NCCO) bicrystal grain boundary Josephson junctions (GBJs) fabricated on SrTiO3 bicrystal sub-
strates with misorientation angles of 24◦ and 36.8◦. The superconducting properties of the NCCO-
GBJs are similar to those of GBJs fabricated from the hole doped high temperature superconductors
(HTS). The critical current density Jc decreases strongly with increasing misorientation angle. The
products of the critical current Ic and the normal resistance Rn (∼ 100µV at 4.2K) are small
compared to the gap voltage and fit well to the universal scaling law IcRn ∝
√
Jc found for GBJs
fabricated from the hole doped HTS. This suggests that the symmetry of the order parameter,
which most likely is different for the electron and the hole doped HTS has little influence on the
characteristic properties of symmetrical [001] tilt GBJs.
PACS: 74.25.Fy, 74.50.+r
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Bicrystal grain boundary Josephson junctions (GBJs)
have been studied intensively using epitaxial thin films of
the various hole doped high temperature superconductors
(HTS) [1–3]. However, there is very limited informa-
tion on GBJs fabricated from the electron doped material
Nd1.85Ce0.15CuO4−y(NCCO) [4]. For the vast majority of
GBJs the transport properties can be well described within
the intrinsically shunted junction (ISJ) model [2,5,6]. In this
model a continuous, but spatially inhomogeneous insulating
grain boundary barrier is assumed that contains a high den-
sity of localized defect states. The localized states allow for
resonant tunneling of quasiparticles providing an intrinsic
resistive shunt, whereas resonant tunneling of Cooper pairs
is prevented by Coulomb repulsion. This results in reduced
IcRn products and a scaling behavior IcRn ∝
√
Jc observed
in many experiments [2,5–7]. Meanwhile, it is well estab-
lished that most hole doped HTS have a dominant d-wave
component of the order parameter (OP) [8]. The influence
of the d-wave symmetry of the OP on the magnetic field
dependence of Ic has been shown for asymmetric 45
◦ tilt
YBCO-GBJs [9]. So far, in the ISJ-model the likely d-wave
pairing state of the hole doped HTS has not been taken into
account and the relevance of the d-wave symmetry of the
OP for the characteristic properties of symmetrical [001] tilt
GBJs such as the small value and the scaling behavior of the
IcRn product is still a point of controversy. To clarify this
issue we have studied [001] tilt NCCO-GBJs. Since for the
electron doped material NCCO there is convincing experi-
mental evidence for a s-wave symmetry of the OP [10–13],
NCCO-GBJs represent an interesting model system to test
the influence of the OP symmetry on the transport proper-
ties of GBJs.
The NCCO-GBJs were fabricated by molecular beam epi-
taxy (MBE) of c-axis oriented NCCO thin films on SrTiO3
bicrystal substrates. The substrate temperature during
growth was about 730◦C and ozone was used as oxidation
gas. For the critical temperature Tc, the resistivity ρ(250K),
and ρ(25K) typical values of 23 - 24K, 350µΩcm, and
50µΩcm were obtained, respectively. A detailed descrip-
tion of the fabrication process was given by Naito et al.
[14,15]. For NCCO-GBJs the film quality is a key issue,
since small deviations from optimum (preferentially oxygen
stoichiometry) can reduce Ic to unmeasurably small values.
More precisely, for small Ic the Josephson coupling energy
EJ becomes comparable to or even smaller than the ther-
mal energy kBT . This may be the reason why until now
a finite Ic has been observed only for low angle (≤ 10◦)
NCCO-GBJs [4]. For our samples the direct observation of
a critical current was possible only for the 24◦ tilt GBJs
having Jc values between 5 and 50A/cm
2 at 4.2K. For
the 36.8◦ tilt GBJs the Jc values are more than an order
of magnitude smaller preventing the direct measurement of
Ic due to thermal noise effects (EJ < kBT ). Although
we cannot give any functional dependence at present, our
data clearly show that Jc strongly decreases with increasing
misorientation angle.
Fig. 1 shows a typical resistive transition of a NCCO-
GBJ. The onset temperature of 24K marks the resistive
transition of the NCCO film. The foot structure emerg-
ing below about 90Ω is close to resistance Rp(T ) =
Rn(T )
[
I0
(
h¯Ic(T )
2ekBT
)]
−2
, expected for ideal overdamped
Josephson junctions due to thermally activated phase slip-
page (TAPS) [16,17]. Here, I0 is the modified Bessel func-
tion of the first kind. As shown by Fig. 1, the TAPS model
qualitatively describes the measured foot structure using
Rn(T ) = const. = 90Ω and Ic(T ) = Ic(0)(1 − T/Tc)2.
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Certainly, a better fit is possible by taking into account a
temperature dependent Rn and a modified Ic(T ) depen-
dence. The normal resistance times junction area, ρn, of
the 24◦ tilt GBJs ranged between 1.5 and 8 × 10−6Ωcm2
and was more than an order of magnitude larger for the
36.8◦ tilt GBJs.
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FIG. 1. Resistance vs. temperature curve of a symmetrical
24◦ [001] tilt NCCO bicrystal GBJ (W=10 µm) for B = 0
and B = Bmin. The solid line shows the prediction of the
RSJ-model including thermal noise [16,17].
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FIG. 2. Conductance versus voltage curves of a 24◦ [001]
tilt NCCO bicrystal GBJ at different temperatures.
Fig. 2 shows the G(V ) = dI(V )/dV curves of a NCCO-
GBJ. The Josephson current was suppressed by applying
a small magnetic field Bmin corresponding to a minimum
of the Ic(B) dependence of the GBJ. A clear gap struc-
ture is observed in the G(V ) curves with a gap voltage
Vg = ∆0/e [18] of about 6mV that is comparable to val-
ues reported in literature [11,12,19,20]. The observation
of a clear gap structure and the temperature independent
conductance well above Vg strongly suggest that the dom-
inating transport mechanism in the NCCO-GBJs is elas-
tic tunneling. That is, in agreement to what is observed
for YBCO-, LSCO- and BSCCO-GBJs [2,21], also for the
NCCO-GBJs the dominant transport mechanism most likely
is elastic tunneling via a single localized state. Assuming
purely elastic resonant tunneling a density of localized states
nres = h/2e
2ρn ≈ 1× 1014m−2 can be estimated which is
close to values reported recently [21]. We also note that in
contrast to GBJs fabricated from the hole doped HTS, the
G(V ) curves of the NCCO-GBJs show no zero bias conduc-
tance peak which is consistent with a s-wave symmetry of
the OP in NCCO [19]. We note, however, that the OP of
NCCO may be highly anisotropic, i.e., the amplitude of the
OP may show a strong k-dependence but there is no sign
change as for a d-wave OP.
Suppressing Ic by applying B = Bmin we have
h¯Ic(B)/2ekBT ≪ 1 and, hence, Rp(T ) ≃ Rn(T ), i.e.,
Rn(T ) can be measured directly. The result is shown
in Fig. 1 for a 24◦ tilt GBJ. A very similar result is ob-
tained for the 36.8◦ tilt GBJs even for B = 0, since here
h¯Ic(B)/2ekBT ≪ 1 even at zero field. It is evident that
Rn increases strongly with decreasing temperature. We em-
phasize that this increase of Rn cannot be caused by the
presence of inelastic tunneling processes freezing out on go-
ing to lower temperatures, since the dominating transport
mechanism is elastic tunneling as discussed above. In order
to discuss the origin of the observed Rn(T ) dependence we
have to take into acount that Rn corresponds to dV/dI at
V ≃ 0. Provided that the OP of NCCO has an s-wave
symmetry, a strong reduction of the density of states below
Vg is expected going to low T resulting in an increase of
the dV/dI at small V . We note that an almost T indepen-
dent Rn has been observed for most GBJs fabricated from
the hole doped HTS [2,21]. This difference may be related
to a different OP symmetry in the electron and hole doped
HTS. It is likely that for the latter a d-wave symmetry of
the OP together with pair breaking effects at surfaces of
d-wave superconductors cause a large and weakly T depen-
dent density of states around the Fermi level and, hence, a
weakly T dependent Rn.
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FIG. 3. Current vs. voltage of a 10µm wide, 24◦ [001] tilt
NCCO bicrystal GBJ. Also shown is the RCSJ-model pre-
diction (solid line) and the ohmic line (broken line). In the
inset, the IcRn products of NCCO-GBJs (full symbols) are
plotted vs. Jc together with IcRn products of YBCO- and
BSCCO-GBJs (bicrystal, step-edge, biepitaxial) taken from
Ref. [2] (open symbols).
A typical IVC of a NCCO-GBJ is shown in Fig. 3. Due
to the small Jc and large ρn values of NCCO-GBJs, for a
typical junction size of a few µm2 typical Ic and Rn values
are below 1µA and above 100Ω, respectively, at 4.2K re-
sulting in IcRn products around 100µV small compared to
Vg. At 4.2K the IVC is slightly hysteretic. Within the resis-
tively and capacitively shunted junction (RCSJ) model [22]
a good fit is obtained for a McCumber-parameter βC ≃ 2.5.
We also note that the IVCs of NCCO-GBJs show no excess
2
current. The inset of Fig. 3 clearly shows that the NCCO-
GBJs fit well to the general scaling relation IcRn ∝ (Jc)q
with q ≈ 0.5 ± 0.1 found for hole doped HTS [2]. This
strongly suggests that the mechanism of charge transport
across the grain boundary barrier is similar for the hole and
electron doped materials. Furthermore, since NCCO likely
has a dominating s-wave and the hole doped HTS a dom-
inating d-wave component of the OP, the symmetry of the
OP can be ruled out as a main cause for the small value and
the scaling relation of the IcRn product. A similar argument
holds for the strong decrease of Jc with increasing misori-
entation angle. The similarity of the transport properties of
GBJs fabricated from the electron and hole doped HTS can
be naturally explained within the ISJ-model [2,5,6]. Here,
the small IcRn values and the scaling behavior is explained
by the fact that for both NCCO-GBJs and those fabricated
from the hole doped HTS the main transport mechanism
is resonant tunneling via localized states within an insulat-
ing grain boundary barrier for the quasiparticles and direct
tunneling for the Cooper pairs.
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FIG. 4. Magnetic field dependence of the critical current of
a 24◦ [001] tilt NCCO-GBJ at 4.2K. Solid symbols: Ic values
directly obtained from IVCs. Solid line: Ic(B) curve derived
from Rp(B).
Fig. 4 shows the magnetic field dependence of the crit-
ical current. The solid symbols represent the Ic(B) data
obtained by determining Ic directly from the IVCs. The
solid line shows Rp(B). Since at constant temperature
Rp(B) = Rn
[
I0
(
h¯Ic(B)
2ekBT
)]
−2
is determined only by Ic(B),
the field dependence of Ic can be derived from the measured
Rp(B) dependence by inverting the Bessel function [23].
The quantitative agreement is good and Fig. 4 shows that
both methods give the same modulation period as expected
[23]. The observed Ic(B) pattern is perfectly symmetric
about B = 0 and close to a Fraunhofer diffraction pattern
expected for small Josephson junctions with spatially homo-
geneous Jc. This suggests that Jc is homogeneous along
the grain boundary on a µm scale.
In conclusion, the superconducting properties of symmet-
ric [001] tilt GBJs fabricated from both the hole and electron
doped HTS are very similar and can be well described within
the ISJ-model. In particular, the scaling law IcRn ∝
√
Jc
as well as the strong decrease of Jc with increasing misori-
entation angle found for the hole doped HTS also holds for
NCCO-GBJs. Provided that the OP symmetry of electron
and hole doped HTS is s and d-wave, respectively, this sug-
gests that the grain boundary properties are not strongly
influenced by the symmetry of the OP but are dominated
by the structural properties of the grain boundary barrier
that may be similar for both materials.
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